The lack of information concerning individual variation in content and activity of human liver microsomal protein is one of the most important obstacles for designing personalized medicines. We demonstrated that the mean value of microsomal protein per gram of liver (MPPGL) was 39.46 mg/g in 128 human livers and up to 19-fold individual variations existed. Meanwhile, the metabolic activities of 10 cytochrome P450 (CYPs) were detected in microsomes and liver tissues, respectively, which showed huge individual variations (200-fold). Compared with microsomes, the activities of liver tissues were much suitable to express the individual variations of CYP activities. Furthermore, individual variations in the in vivo clearance of tolbutamide were successfully predicted with the individual parameter values. In conclusion, we offer the values for MPPGL contents in normal liver tissues and build a new method to assess the in vitro CYP activities. In addition, large individual variations exist in predicted hepatic clearance of tolbutamide. These findings provide important physiological parameters for physiologically-based pharmacokinetics models and thus, establish a solid foundation for future development of personalized medicines.
livers [12] [13] [14] [15] [16] and the background information for the samples was often incomplete. Moreover, the values for MPPGL reported by different groups used different tissue sources, different correction methods to account for losses of microsomal protein and relatively small sample sizes that in turn provided varying mean values 16 . These studies also did not give significant attention to the potential effects of individual variations in the MPPGL. Therefore, determination of the contents and individual variations in MPPGL over a large number of samples is needed in order to provide reliable physiological parameters for in vivo and in vitro research.
Traditionally, the in vitro metabolic activity of CYP is determined on the basis of per mg of microsomal protein (V M ), not on per gram of liver (V L ). However, the ultimate application of the in vitro metabolic study is within human tissue, the ability to obtain close estimates of in vivo behavior from the in vitro data is an important opportunity to be fully exploited. Though MPPGL were determined in relatively small size of liver tissues, considerable individual variations were found in MPPGL contents 15, 17 . Compared with CYP activity based on liver tissue, V M has obvious disadvantage for the individual variation of activity might be underestimated, because the ignored MPPGL has larger individual variations. Consequently, the V L could be more appropriate to represent the in vitro metabolism of CYP and to assess the individual variation in CYP activities.
Given the potential for large individual variations in response to a given drug dose, substantial effort and expense may be expended during drug development, particularly for drugs that have narrow therapeutic windows, which can frequently cause severe toxicities and even death. If the safe therapeutic range of a given drug in a population can be predicted before initiating a clinical trial, the efficiency of drug development would be improved. The in vitro-in vivo extrapolation (IVIVE) method affords researchers the opportunity to produce quantitative data on drug metabolism prior to studying pharmacokinetics in vivo. Therefore, after the first demonstration of IVIVE in rats in 1977 18 , many subsequent efforts were concentrated on this area. However, in these early studies there was a significantly predictive bias for in vivo clearance from the in vitro metabolic data because existing variation was not considered and instead mean parameter value reconstructed from very small data sets were used [19] [20] [21] [22] [23] . Hence, further efforts were made to incorporate population variability into PBPK models to predict in vivo clearance [24] [25] [26] . Recently, the PBPK program in the Division of Pharmacometrics at the FDA decided to bring PBPK models into the drug review process (http://www.fda.gov/aboutfda/centersoffices /officeofmedicalproductsandtobacco/cder/ucm365118.htm). However, valid predictions for in vivo clearance that are based on PBPK models require large numbers of different individual parameters. Although many individual characteristics can influence the outcomes of these predictions, the greatest attention has been given to variations that occur in drug metabolism, particularly that mediated by the liver 26 . The five most important parameters in predicting hepatic clearances (CL H ) are: i) MPPGL, ii) in vitro metabolic clearance ( , CL in vitro int ), iii) liver weight (LW), iv) hepatic blood flow (Q H ) and v) body weight (BW). Unfortunately, until now there have been no reports that used individual values for these important liver sample parameters to predict variations in in vivo clearance.
In order to assess the utility of individual parameters in predicting in vivo clearance rates, we assessed the metabolism of the sulfonylurea drug tolbutamide in liver samples. Tolbutamide is the probe of CYP2C9, which is one of the most abundant CYPs in human liver and is responsible for the metabolism of many drugs 3 . While the effects of genetic polymorphisms on CYP2C9 activities have been widely reported, experimental information demonstrating individual variations in tolbutamide metabolism in vitro are rather limited. An analysis of tolbutamide metabolism in HLM can be used not only to assess individual variations, but also to predict in vivo clearance rates. Such data will be informative for the design of personalized medicines.
In this study, 128 liver samples were collected to characterize individual variations in the contents of MPPGL and the metabolic activities of 10 CYPs based on microsomes (V M ) and liver tissues (V L ). For the first time, the distribution of MPPGL was assessed. The differences between V M and V L were compared and the correlations among V M or V L were analyzed. Furthermore, individual variations in the in vivo clearance of tolbutamide, used as a CYP2C9 probe substrate, were predicted using five important individual parameter values in large number of liver samples.
Results

Microsomal protein. Individual variation in contents.
The values for MPPGL levels in 128 samples indicated a not-normal distribution, with minimal and maximal values of 6.71 and 127.95 mg microsomal protein per gram liver, representing a 19-fold variation (Fig. 1) . The mean MPPGL content ± SD was about 39.46 ± 21.57 mg/g liver. The values of MPPGL at the 2.5th and the 97.5th percentiles were 10.5 and 102.82 mg/g liver, respectively, exhibiting about a 10-fold variation. There was one extreme value (127.95 mg/g liver) and four outliers (116. 50 MPPGL values (P > 0.05). We failed to detect marked disease-related differences in MPPGL contents (P > 0.05).
The individual variation in metabolic activities of the CYP enzymes. The metabolic activities based on microsomes. Metabolic rates of 10 kinds of CYPs were detected in 78 liver microsomes using probe drugs known to be specific for each enzyme. The data of CYP activities shown in Table 2 and Fig. 2 demonstrated huge individual variations. The two biggest individual variations in V M took place in the activity of CYP2C19 and CYP2A6, reaching to 232 and 109-fold, followed by that of CYP3A4/5 CYP2D6, CYP2C8, CYP2B6, CYP1A2 and CYP2E1, demonstrating the fold-change of 72, 45, 31, 24, 24, and 11, respectively (Fig. 2a) . Compared with other CYP members, fold-change of CYP2C9 V M was much lower but still achieving 6-fold. As shown in Fig. 2b , the highest variation (57-fold) in V M at 95% PI existed in the activity of CYP2A6, whereas the remaining enzymes had the following rank order: CYP2C19> CYP2D6> CYP2C8> CYP3A4/5> CYP2B6> CYP1A2> CYP2E1> CYP2C9 (28, 21, 17, 17, 12, 8, 5 , and 5-fold, respectively).
The metabolic activities based on liver tissues. According to the contents of MPPGL determined above, individual metabolic rates per gram liver (V M ) were obtained by multiplying the individual MPPGL values, representing the CYP activity of liver tissue (Table 2) . However, when calculation of CYP activity based on liver tissue, the individual variations of CYP activities were even more pronounced (Fig. 2a) . V L of CYP2A6 exhibited the largest individual variation (210-fold), followed by that of CYP2C19, showing , 99%, 96%, 92%, 71%, 56% and 18%, respectively, However, the fold-change in V L of 2C19 decreased by 38% compared with that of CYP2C19 V M . When the fold-change expressed as ratio between 95% PI of the observed CYP metabolic activities (Fig. 2b) , the inter-individual variation degree of V L in all the CYP isoforms were higher than the corresponding V M . Among 10 CYPs, V L of CYP2C9, CYP2B6, CYP2E1, CYP2C8, and CYP2A6 had the large amplitude of variation whereas those for CYP3A4/5 and CYP2C19 were less compared with corresponding V M (Fig. 2b) . Additionally, in our study the metabolic rates of CYP2C19 and CYP2A6 showed the highest fold-changes of the measured enzymes; whereas those for CYP2C9, CYP1A2 and CYP2E1 were relatively lower (Fig. 2) .
The intra-individual variations between V M and V L .
The inter-individual variations of CYP metabolic activities in V M and V L were shown in Table 2 and Fig. 2 . However, the intra-individual variation between V L and the corresponding V M in each CYP isoform of 78 samples was unknown and this situation was described by rank change percentage (Fig. 3 ). Rank change of individual V L compared with corresponding V M in 10 CYPs was obvious. For CYP1A2, CYP2C8, CYP2C9 and CYP2E1, the place change exceeding 20% accounted for 47%, 41%, 40% and 41% of the total samples, respectively, whereas those for the remaining CYPs were about 30%. Owing to the extremely high or low MPPGL amounts in some individuals, rank changes of certain CYP isoforms in these cases varied drastically. As shown in Fig. 3 , the rank change of CYP2E1 in one sample experienced the most dramatic change, up 54 places (change of 69%). Next were CYP1A2 (2 cases), CYP2B6 (1 case), CYP2C9 (6 cases), CYP3A4 (1 case), CYP2C8 (2 cases), CYP2C19 (1 case), altering 41-51 places (change of 51-65%).
Effects of demographic factors and clinical data on CYP activities.
Univariate analysis was performed to investigate whether demographic factors were associated with V M and V L (Fig. 4 ). There were no statistically significant differences (P > 0.05) in the metabolic activities of ten CYPs as a function of gender, age, smoking status, drinking habit or tissue resources with three exceptions. Statistically significant differences between V M of CYP1A2 in male and female donors (P = 0.003, n = 78) were seen, which was consistent with other studies 27, 28 . Comparing with age 3 group (61-75 years old), the V M of CYP2C8 and CYP2C9 The percentage of rank change was calculated by the total samples of 78 divided by rank change absolute value of each individual and every change of 10% as a group (such as 0%-10%, 10%-20%). The percentage of the samples in each group to total samples was also calculated. Rank change of less than 10% was considered as tiny change, between 10% and 20% as moderate change, between 20% and 50% as obvious change and exceeding 50% as dramatic change.
were significantly higher in age 1 (20-45 years old) and age 2 (46-60 years old) groups (Fig. 4b, c) .
Yang et al. 29 also found age had a substantial impact on the activity of CYP2C9.
Association between MPPGL contents and CYP activities. Association based on micro-
somes. Spearman correlation analysis was used to identify the correlations between MPPGL contents and V M for 10 CYP, respectively, and the results showed there was no significant correlation between MPPGL contents and V M of 10 CYPs (P > 0.05) ( Supplementary Fig. S1 ).
Association based on liver tissues. In contrast to V M , there were strong correlations (r≥ 0.6, P< 0.001) between MPPGL contents and V L of CYPs besides CYP2A6, CYP3A4/5, CYP2C8 (moderate correlations, 0.3≤ r< 0.6, P< 0.001) ( Supplementary Fig. S2 ). Supplementary Table S1 . The variable degrees of the other three parameters were relatively lower, with only BW variations reaching 2-fold.
Prediction of tolbutamide hepatic clearance.
Prediction of tolbutamide hepatic clearance. The predicted and observed CL H for tolbutamide are shown in Table 3 . The mean values for the predicted CL H of tolbutamide obtained by seven methods were all 0.113 ml/min/kg, but the predicted ranges showed obvious variations. Method G gave merely the mean value, whereas method A predicted the largest individual variation (51-fold between the highest and lowest values). Even at the 95% PI, the predicted variation still reached 30-fold with method A. Using only individual MPPGL or CL int,in vitro values, method B and C also displayed large individual variations (about 13-and 20-fold, respectively). In contrast, the ranges of the predicted CL H for tolbutamide were relatively narrow as calculated with method D, E and F, with less than 2-fold variation between the minimal and maximal values. The effects of individual values for the five parameters on the predicted CL H for tolbutamide are presented in Supplementary Fig. S3 . Together these results indicate that ignoring individual variations in parameter values would lead to a failure to identify individuals who fall at the extremes of the population.
Prediction accuracy. As shown in Table 4 , the mean average fold-error (AFE) values calculated by all of the seven methods (A-G) were the same (0.58), but the variable degrees of AFE were quite different. Method G gave merely the mean value, whereas method A predicted the largest individual variation in AFE (50-fold between the highest and lowest values). Even at the 95% PI, the predicted variation still reached 30-fold with method A. Using only individual MPPGL or CL int,in vitro values, method B and C also displayed large individual variation in AFE (about 13-and 20-fold, respectively). In contrast, the ranges in AFE values yielded by methods D, E and F were relatively narrow, with less than 2-fold variation between the minimal and maximal values. The percentage of predictions that fell within 2-fold of the in vivo value were different between different methods. By not incorporating the individual variation of these five parameters, or using the less variable degree in individual Q H and LW, methods G, E and D provided overall accuracy. However, owing to the large individual variations seen for MPPGL and 
Discussion
This is the first extensive study to investigate the distribution of microsomal protein contents in a large number of normal liver samples. The not-normally distributed MPPGL values in 128 samples varied from 6.71 to 127.95 mg/g liver and the range at 95% PI were 10.5 to 102.82 mg/g. Meanwhile, the metabolic activities of 10 CYPs were detected in microsomes and liver tissues, respectively, which showed huge individual variations and the variation for some CYPs could reach over 200-fold. Compared with microsomes, the activities of liver tissues were much suitable to express the individual variations of CYP activities. Furthermore, individual variations in in vivo clearance of tolbutamide were successfully 17 , it is noteworthy that this result came from unpublished data and thus detailed information for the donors was not available. In addition, two other studies reported higher average MPPGL levels, in which the value of 77 mg/g was obtained from only four liver tissue samples 12 and the determination of 53 mg/g was achieved by ELISA 14 . The use of ELISA to correct for microsomal losses is not a common approach, and this disparity may be due to differences in the correction methods used in these studies (i.e., POR activity vs. ELISA). In a previous study by this group a mean MPPGL value of 20 mg/g 13 was obtained by using glucose-6-phosphatase activity to correct for microsomal loss. To date only limited laboratory measurements concerning the variations in the contents of MPPGL were available and the largest reported variation was approximately 6-fold 17 . However, in the present study up to a 19-fold variation was detected and even at the 95% PI there was still a 10-fold variation, which is much higher than that reported in the literature. It should be emphasized that the present study used a larger number of samples and the range of MPPGL values obtained here overlapped with the results reported by other investigators 16, 17 . The determination of MPPGL is time-consuming and requires the coordination of several operators. To ensure the accuracy of the MPPGL results, the effect of inter-operator differences on MPPGL values was investigated. Pooled human livers (n = 5) were respectively assessed by three operators in triplicate and the results showed that the difference in the MPPGL values obtained by different operators was not substantial and was less than 20%, which is in good agreement with a study by Wilson et al. 31 . As such, the large variation in the MPPGL levels seen in our study most likely represents the true biological variability present in the population. Taken together, our study offers physiological values for MPPGL in normal liver samples that have clear background information.
In general, the in vitro activity of CYP is based on microsomes (V M ) and a number of studies have reported the high degrees of individual variations in the V M (such as 30-, 45-, 405-, 1790-, 30-and 124-fold for CYP2A6, CYP2B6, CYP2C19, CYP2D6, CYP2E1 and CYP3A4 28, [32] [33] [34] [35] , respectively). Our study also found large individual variations in V M (Table 2 and Fig. 2) . However, as the actual contents of MPPGL are unusually unknown, so far no reports are available regarding the metabolic activities of CYP on the basis of per gram liver (V L ). Since the determination of MPPGL amount in our study, it has been found that the individual variations of CYP V L were much higher than those of corresponding V M . As shown in Fig. 2 , the degree of the overall variation of V L for CYP2C9, CYP2B6, CYP2E1, CYP2C8 and CYP2A6 increased substantially comparing with those of corresponding V M of CYPs. Meanwhile, the intra-individual variation between V L and the corresponding V M in each CYP isoform of 78 samples was large. Especially for CYP1A2, CYP2C8, CYP2C9 and CYP2E1, more than 40% of the samples changed more than 20% of the total rank and for some cases, the rank change over more than 60% (Fig. 3) . The reason for large rank change is due to the variation in MPPGL, especially the effect of extreme values in MPPGL. For example, the highest MPPGL contents in some cases resulted in the huge increase of rank whereas the lowest led to the dramatic decrease of rank. The change of the rank for each individual between V M and the corresponding V L indicated that V M didn't equal to V L especially for the individuals with drastic rank changes. Taken together, it can be concluded that V L is preferred over the V M in representing the individual variations of CYP metabolic activity for the latter may mask the real individual variations of enzyme activities.
There are four stages in the IVIVE strategy, in which MPPGL, CL int, in vitro , LW, Q H and BW are necessary parameters 9 . These parameters thus play a vital role in the accurate prediction of in vivo clearance rates. However, to our knowledge the various values for these important parameters used in the IVIVE were only single mean values 7, 36 and no consideration was given to variations in these parameters. Here, for the first time the individual values for the five of parameters were used to predict individual variations in hepatic tolbutamide clearance in a large number of liver samples. As shown in Table 3 and Supplementary Fig. S3 , seven methods were designed to predict the hepatic clearance of tolbutamide. Because the mean and individual values of the five parameters used with the seven methods came from the same population, the mean values of the tolbutamide CL H predicted by each of the methods were the same. However, the variable degrees of the predicted CL H were quite different. Method G, which is a rather traditional "point" to "point" predictive manner, only provided the mean value and thus could not offer information on variations in the population. Method A, as a new approach that was used in this study, incorporated the individual variations of the five parameters into the prediction and in turn displayed as much as a 51-fold individual variation in the distribution of the predicted CL H for tolbutamide. Thus, the ability to predict individual variations in CL H is superior to the estimate of a mere mean. For future drug research and development, the prediction of the CL H range in the human body prior to the initiation of clinical studies can provide information about the effective range and toxic doses that can improve the efficiency of research on novel therapeutics. For older drugs that are currently in clinical 
In contrast, methods B-F evaluated the effect of individual variation of a single parameter (MPPGL, CL int, in vitro , LW, Q H or BW) on the prediction. Each parameter could affect the individual variation of the predicted CL H , but the contributions of the five parameters were different. The large individual variation predicted by method A was mainly caused by the variation in MPPGL and CL int,in vitro , so MPPGL and CL int,in vitro thus could play essential roles in the process of IVIVE. Among all the parameters used in IVIVE, individual values for MPPGL and CL int,in vitro were not easily obtained, therefore prediction of the individual variation in CL H would be highly difficult. In this study, individual values for the five kinds of important parameters were determined and used to predict the CL H of tolbutamide.
In order to assess the accuracy of the predictions, a comparison of the predicted hepatic clearance with the in vivo clearance in humans is needed. Due to a lack of human intravenous pharmacokinetic data in the Chinese population, data suitable for assessment of tolbutamide CL H predictions in Caucasian populations were selected from four previous studies (Table 3) . As was previously known, CYP2C9 is highly polymorphic and the frequencies of CYP2C9*2 and CYP2C9*3, which exhibit poor enzymatic activity compared to CYP2C9*1 37 , were higher in Caucasians compared to that in Chinese populations. Therefore, a reasonable assumption could be made that the metabolic activity of CYP2C9 should differ between Caucasian and Chinese populations. However, the CL int, in vitro of tolbutamide in Caucasian population (mean ± SD, range: 1.0 ± 0.2, 0.5-2.5; 1.35 ± 1.23, 0.27-4.0 μ l/mg/min) were reported by McGinnity et al. 38 and Carlile et al. 39 , respectively, which were in good agreement with those of Chinese people (mean ± SD, range: 1.32 ± 0.75, 0.20-4.18 μ l/mg/min, this study). The consistency of the , CL in vitro int of tolbutamide in these two ethnic groups might suggest that gene polymorphisms in CYP2C9 have little effect on the metabolism of tolbutamide in ethnic Chinese and Caucasians. Consequently, the in vivo CL H for tolbutamide derived from the Western population should be suitable for comparisons with the predicted CL H for tolbutamide in Chinese patients. The predicted mean value within 2-fold of actual values showed that each of the methods was accurate in predicting the CL H of tolbutamide (Table 4) .
However, more than half of the samples fell outside of the 2-fold error for method A, B and C, which may explain, at least in part, the bias that exists in most IVIVE studies. Traditionally, IVIVE employed only mean values to make predictions and as such cannot provide a range of AFE. In fact, as observed in our study, large variations indeed exist in many drug metabolism steps, so a method that incorporates into the IVIVE individual variations in each step can be a suitable way to make accurate predictions for in vivo CL H .
In conclusion, MPPGL values were determined and considerable individual variations in the contents were found in Chinese population. The metabolic activity of CYP based on liver tissue is a new method to assess the in vitro metabolic activity of CYP and superior to the metabolic activity of CYP based on microsomes. For the first time the individual values of five different parameters were used to predict individual variations in hepatic clearance in a large number of liver samples and variations in the in vivo clearance rates of tolbutamide were successfully predicted. These findings provide important physiological parameters for PBPK and furthermore, build a solid foundation for future development of personalized medicines.
Methods
Materials and Chemicals. All probe drugs and part metabolites used in this work were purchased from the National Institute for the Food and Drug Control (China), including phenacetin, coumarin, bupropion, paclitaxel, tolbutamide, omeprazole, dextromethorphan, chlorzoxazone, midazolam and paracetamol (phenacetin metabolite). Other metabolites Human liver samples. One hundred and twenty-three Chinese liver tissues were previously collected 40 from patients undergoing liver surgery during 2012 and 2014 in the first affiliated hospital of Zhengzhou University, the People's Hospital of Henan Province, and the Tumors' Hospital of Henan Province, respectively, besides 5 newly collected samples. The study was approved by the ethics committees of Zhengzhou University and written informed consent was obtained from each patient. All experiments were performed in accordance with the approved guidelines of Zhengzhou University ethics committees. Detailed information for each patient was well-documented and included gender, age, body height, body weight, smoking habits, alcohol consumption, clinical diagnosis, regular drug intake before surgery, previous history, allergic history, pathological diagnosis, imaging examination and laboratory test data (including, but not limited to, results from routine blood analysis, liver function tests and renal function tests). Liver samples from tumorous patients were 2 cm distant from the tumor tissues. Samples from normal livers were collected, with liver health confirmed by liver function tests, histopathological analysis and imaging examination by ultrasonography or CT. All liver samples were frozen immediately after removal and stored in liquid nitrogen until use.
Preparation of liver microsomes. Tissue samples were thawed on ice and weighed. The samples were finely homogenized on ice using a glass homogenizer in 0.05 M Tris-HCl (pH 7.0) buffer containing 1.12% w/v KCl and 1.12% v/v EDTA (10 ml per gram liver). After mixing, 0.5 ml of the homogenate was retained for POR activity analysis while the remaining sample was centrifuged at 9,000 × g for 20 min at 4 °C. The supernatant was collected and centrifuged at 100,000 × g for 1 hour at 4 °C with a Beckman Optima L-100K ultracentrifuge. The resulting microsomal pellet was resuspended in 0.15 M Tris-HCl (pH 7.6) buffer and centrifuged for an additional hour at 100,000 × g at 4 °C. The final microsome pellet was suspended in 0.25 M sucrose (2 ml per gram original sample). Both the homogenate and microsomal suspension were frozen in liquid nitrogen and stored at − 80 °C until analysis. Microsomal protein concentrations were determined according to the Bradford method.
Determination of microsomal protein per gram of liver (MPPGL) levels. The activity of POR as measured in homogenates and microsomes produced from the same liver tissue sample was used to estimate the amount of MPPGL 41 . The POR assay is based on the rate of cytochrome C reduction by liver microsomes 42 . The reaction was conducted in 200 μ l solution with 0.3 M potassium phosphate buffer (pH 7.7), 0.2 mM horse cytochrome C, and 5 μ g microsomal proteins. Reactions were initiated by the addition of 20 μ l 10 mM NADPH to 200 μ l assay mixture for a total volume of 220 μ l. The rate of cytochrome C reduction was determined from the rate of increase in absorbance at 550 nm produced by the reduced form of cytochrome C using a BioTek Synergy H1MD Multi-Mode microplate reader in the kinetic mode before and after the addition of NADPH (0-5 min). MPPGL values were calculated with the following equation 15 : MPPGL = {rate of reduction homogenate (nM/min/g liver)}/{rate of reduction microsome (nM/min/ mg microsomal protein)}.
Measurement of CYP metabolic activities. Marker activities selective for individual CYP isoforms
were determined at single concentrations in individual assays by incubation of 0.2-0.5 mg microsomal protein, 1 mM NADPH and the respective substrate (400 μ M phenacetin for CYP1A2, 20 μ M coumarin for CYP2A6, 500 μ M bupropion for CYP2B6, 40 μ M paclitaxel for CYP2C8, 1500 μ M tolbutamide for CYP2C9, 250 μ M omeprazole for CYP2C19, 320 μ M dextromethorphan for CYP2D6, 500 μ M chlorzoxazone for CYP2E1 and 50 μ M midazolam for CYP3A4/5). In addition, seven different concentrations of tolbutamide (31.25 to 2000 μ M) were examined to determine the V max and K m of 4-OH-tolbutamide and the in vitro CL int of tolbutamide was calculated using the following equation: CL int in vitro = V max /K m . Incubation conditions were ensured linear metabolite formation with respect to reaction time and protein concentration. Each reaction was terminated after specified incubation period by adding 20 μ l ice-cold acetonitrile or 1 ml ethyl acetate or perchloric acid and metabolite concentrations were determined by HPLC-UV or HPLC-FLD. the mean value of the remaining four parameters. Method G used the mean value of the five parameters for 78 livers.
Due to a scarcity of data for the Chinese population, observed intravenous clearance values for tolbutamide were obtained from in vivo studies performed with healthy Caucasian subjects.
The accuracy of the predictions was assessed from the average fold-error (AFE). A two-fold precision limit corresponds to 0.5-2 of AFE values, where AFE = 10 (∑logPredicted/Observed)/N 21 . N refers to the number of separate reports in the literature concerning tolbutamide intravenous clearance.
Statistical Analyses. The normality of the data distribution was assessed using the method of Kolmogorov-Smirnov and Shapiro-Wilk. Because most data sets were not normally distributed, nonparametric methods were generally used for statistical analyses. The Mann-Whitney U test was used for pairwise comparison and the Kruskal-Wallis H test was applied for multiple pairwise comparisons. Non-parametric Spearman rank correlation analysis was performed to calculate the correlation coefficient (r). A P value < 0.05 was considered statistically significant (two-tailed). SPSS statistics 17 software was used for data management and statistical analyses. Graphs were generated using GraphPad Prism software 5.04.
